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IV. STATISTICAL.

The analysis which we have given of 1813 flowers is sufficient to show that the
idea of a definite fixed number of sepals in the calyx, of petals in the corolla, of
stamens in the andrcecium or of carpels in the gynaecium of cruciferous plants is
not upheld by an examination of a large number of flowers of this species. In
less than 1 per cent, of the flowers examined there was an increase* or decrease
in the number of sepals in the calyx ; i n less than 1 per cent, there was also an
increase or decrease in the number of petals in the corolla, but in 2 per cent, there
was an increase in the number of stamens in the androecium, while in 22 per cenfc.
there was a decrease in the number.

Since then the number of sepals, petals and stamens is not absolutely fixed for
any of the organs it becomes necessary now to consider whether the number of
members in one organ is related to the number in the others.

As has already been pointed out we have not only to consider organs as a
whole, but, in the case of the calyx and the andrcecium, the constituents of these
organs, owing to the fact that these organs are each divided into two separate
whorls which are inserted at different levels and are placed in directions at right
angles to one another.

Further, a special study has been made of the various positions in androecium
to ascertain to what extent bilateral symmetry may be regarded as an inherent
character of the flower under consideration.

By this means also it seems that some definite information might be obtained
with regard to the perplexing and, at present, hypothetical theory of chorisis, the
reasons for the existence of which have been summarised on p. 219.

The statistical part has been divided into two sections:

(1) a study of the Means and Standard Deviations, aod

(2) a study of the Correlation Coefficients.

1. Study of tlie Means and Standard Deviations.

Although it is obvious from the analysis of the data under consideration that
the numbers given for the botanical floral formula, namely, Calyx—4, Corolla—4,
Stamens—6 and Gynsecium—2, are the nearest integers, it is not at all certain
from a mere inspection of the tables whether the actual means deviate from this
number in the direction of excess or deficiency.

* Where chorisis of a sepal or petal has resulted in two or more distinct individuals we have regarded
each of these as a distinct sepal or petal in recording the Dnmbers. This method is natural however
inasmnch as it is the only means by which we may possibly trace reduplication of parts.
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Consequently the mean and standard deviation for each of the organs and its
constituents have been calculated aud these are given in the following table:

TABLE M.

Means and Standard Deviations of the Number of the Organs and their
Constituents.

Organ

Calyx

} )

Corolla
Androecium ...

5)

j i

) i

) i

•

Constituent

Outer whorl
Inner whorl

Outer whorl

Inner whorl

—

Member

—

Stamen 1
Stamen 2

Stamens 3 . 4
Stamens 5 .6

Mean
Number

3-9796
1-9757
2-0039
3 9520
5-8092
1-9570

•9840
•9713

3-8577
1 -9950
1-8627

Standard
Deviation

•2553
•1979
1304

•3523
•7567
•2704
•1602
1915

•6588
•2728
•4863

Coefficient
of

Variation

6-415
10-020
6-507
8-914

13-025
13-817
16-280
19-715
17-077
13-674
26-107

(1) The most obvious result which is revealed by these constants is the fact
that in all cases (except the inner whorl of calyx) the actual mean of the organs
is less than the recognised typical number, thus:

The mean number for the calyx is 3'979 instead of 4.

The mean number for the corolla is 3-952 instead of 4.

The mean number for the androecium is 5809 instead of 6.

(2) The inner whorl of the calyx shows the smallest departure from the
accepted typical number, Damely, 2004 instead of 2.

Let us, however, test how far the differences in the character of the analogous
parts are significant by ascertaining the Probable Error of the difference of the
means of the characters.

TABLE N (1).

I. Constituents of the Calyx.

Constituent

Outer whorl ...
Inner whorl ...

Mean
Number

1-9757
2-0039

Standard
Deviation

1979
1304

The difference here is D=-02813 and the probable error of the difference

ED = 0037 ; thus the value •=— = 76. The difference is therefore clearly

significant.
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244 Contribution, to a Statistical Study of the Cruciferce

It is worthy of notice that the outer whorl of the calyx is more variable than
the inner whorl and that it possesses on an average fewer sepals.

TABLE N(2).

II. Members of the Outer Whorl of the
Andraedum.

Member

Position 1
Position 2

Mean
Number

•9840
•9713

Standard
Deviation

•1602
•1915

The difference here is D = 01268 and EDm= '00391; the value •=—=32.

Thus when the two positions of the outer whorl of the androecium are taken
into consideration, a probably significant difference is found between the means of
the distribution of the parts of this whorl. Now in position number 1 there is
a greater approach to the accepted type owing to the fact that when the com-
ponent of one of the positions of the outer whorl was found to depart from the
accepted type, the other position was selected as the starting point for the
orientation of the flower and was called position number 1. I t is all the more
noteworthy that the deviation for position 2 is not in the direction of greater but
of lesser frequency and the variability of position 2 is greater. We have thus
again a reduction in the value.of the type with greater variability.

" TABLE N(3).

III. Members of the Inner Whorl of the
Andruecium.

Member

Position 3 .4 ...
Position 5 .6 ...

Mean
Number

1-9950
1-8627

Standard
Deviation

•2728
•4863

Here the ratio is nearly 15 and therefore there is quite a significant
( m , j )

difference between the means of the distributions of the two members of the inner
whorl of the androecium. In both cases the tendency is towards a suppression of
functioning stamens rather than an increase, together with greater variability
in the case where the reduction from the accepted type is more marked.

This difference in variability is, in the main, real and is not due to the arbitrary
selection of the 3.4 position. This will be evident from a study of Table XIX.
It will there be seen that there were 1754 cases where two stamens occurred in
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one of the positions of the inner whorl of the andrcecium. This is the number
in the accepted type, and thus there is no variability. What is the nature of the
distribution of the stamens in the other position (Table XVIII) ? It is as follows:

1

287

2

1436

3

26

4

5 1754

The mean for this array is T8569 stamens, with a variability of '4116. Thus
when there is no variability in one position of the inner whorl of the androecium
there is a large variability in the other position.

Similarly we find the following distribution for position 2 in the outer whorl
of the andrcecium when position 1 is of the accepted type, i.e. shows no variability.

0

57

1

1708

2

1 1766

The mean for this array is "9683 with a variability of 1784. Again therefore,
when there is no variability in position 1, there is a reduction of type in position 2
with great variability.

2. Study of the Correlation Coefficients.

For the purposes of this study a number of correlation tables have been
prepared and as the results of these will have to be considered under different
groupings it seems advisable to tabulate them, and insert them consecutively.
The system which has been adopted to facilitate reference is to commence with
the outer whorl of the calyx and consider all its relations with the other whorls of
the flower passing from the outside inwards; following this comes the inner whorl
of the calyx and its relations with the other constituents of the flower from the
outside inwards and so on.

The following table shows the characters studied and the correlation coefficients
found.

In order to make the comparison of the various correlations as complete as
possible it will be necessary to consider each constituent or organ with all the
other constituents or organs and to avoid overlapping as far as possible. The
most natural method would be to commence either with the outermost constituent,
namely, the outer whorl of the calyx, or with the innermost constituent, namely,
the inner whorl of the androecium. For reasons of a morphological character, which
will be seen later, the inner whorl of the andrcecium has been chosen as the
starting point.

Biometrika x 32
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246 Contribution to a Statistical Study of the Cruciferce

TABLE 0.
Correlation Coefficients between the Number of Various Organs and their Constituents.

Table

The outer whorl of the calyx and the inner whorl of the calyx
The outer whorl of the calyx and the corolla
The outer whorl of the calyx and the outer whorl of the androecium
The outer whorl of the calyx and the inner whorl of the androecium
The outer whorl of the calyx and the andrcecium
The inner whorl of the calyx and the corolla
The inner whorl of the calyx and the outer whorl of the androecium
The inner whorl of the calyx and the inner whorl of the andrcecium
The inner whorl of the calyx and the andrcecium
The calyx and the corolla
The calyx and the outer whorl of the androecium
The calyx and the inner whorl of the androecium
The calyx and the andrcecium ...
The corolla and the outer whorl of the androecium
The corolla and the inner whorl of the andrcecium
The corolla and the andrcecium
The outer whorl of the androecium and the inner whorl of the andrcecium
The inner whorl of the androecium, position 3 . 4 and the inner whorl of the

androecium, position 5.6
The outer whorl of the calyx and the inner whorl of the androecium, position 3 . 4
The outer whorl of the calyx and the inner whorl of the andrcecium, position 5. 6
The inner whorl of the calyx and the inner whorl of the andrcecium, position 3 . 4
The inner whorl of the calyx and the inner whorl of the andrcecium, position 5.6
The corolla and the inner whorl of the androecium 3.4
The corolla and the inner whorl of the andrcecium 5. 6
The outer whorl of the androecium and the inner whorl of the androecium,

position 3.4
The outer whorl of the andrcecium and the iuner whorl of the andrcecium,

position 5.6

I
II
III
IV
V
VI
VII
VIII

IX
X

XI
XII
XIII
XIV
XV
XVI
XVII
XVIII
XIX
XX
XXI
XXII
XXIII
XXIV

1957
•7275
•5886
•2613
•4371
•2476
•3229
•3905
•4592
•6926
•6245
•4014
•5721
•4762
•1773
•3174
•1984

•4305

•4646
•2134
•4634
•2519
•2058
•0903

• XXV

• XXVI

•2661

•1539

(a) The inner whorl of the andrcecium.
From the standpoint of the systematic botanist the most anomalous constituent

of the cruciferous flower is the inner whorl of the androecium, inasmuch as in each
of the positions where one stamen would naturally be expected, the presence of
two is regarded as typical. I t has been explained in a previous section that
botanists now usually regard this anomaly as having arisen by collateral chorisis
from what was originally a single stamen in ancestral forms. For the sake of
conciseness and in order to avoid unnecessary repetition the following abbreviations
have been used in Tables P—.X.

0. W. Ca. = Outer whorl of the calyx.
1. W. Ca. = Inner whorl of the calyx.
Ca. = Calyx.
Co. = Corolla.
0. W. A. = Outer whorl of the androecium.
1. W. A. = Inner whorl of the androeciura.
A. = Androscium.
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J. J. SIMPSON 247

The following Table, P, gives the correlation coefficients between the I.W. A.
and the other constituents or organs of the flower in order of position.

TABLE P.

/ . W. A. and the other Constituents.

Constituent or Organ

0. W. Ca.
I. W. Ca.
Ca.
Co.
0. W. A.

Table

IV
VIII
X I I
XV

XVII

Correlation

•2613
•3905
•4014
•1773
1984

The highest correlation between the inner whorl of the andrcecium and the
other constituents or organs is that with the calyx; next in order come the inner
whorl of the calyx, the outer whorl of the calyx, the outer whorl of the androecium,
and lastly the corolla. In other words, we should be better able to predict the
number of stamens in the inner whorl of the andrcecium from the number of
members in the calyx than from the number of members in any other constituent
or organ.

(6) Relations between the organs themselves.

Having thus discussed the inner whorl of the andrcecium with the other organs
and constituents it might lead to some useful result if we proceed to determine
the " organic correlation " existing between the various organs themselves. In
this connection we have to consider the calyx, the corolla and the andrcecium, and
for this purpose the correlation Tables X, XIII and XVI have been prepared.
The character which has been selected for this study is the number of members
in each organ.

The following Table (Q) shows the results obtained :

TABLE Q.

Correlation Coefficients between

Ca. and Co. ...
Ca. and A.
Co. and A.

•6926
•5721
•3174

(1) The calyx and corolla are much more highly correlated to one another thau
is either of these with the andrcecium. In other words, the two protective organs
of the perianth are more highly correlated to one another than is either protective
organ with the male reproductive organ. It is further evident that (2) the calyx
is much more highly correlated to both the corolla and the andrcecium than are the
two last named to one another. From (1)it maybe concluded that, on an average,

32—2-
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248 Contribution to a Statistical Study of the Cruciferce

an increase or decrease from the accepted typical number, namely four, of petals in
the corolla is accompanied by an increase or decrease in the number of sepals
in the calyx; while from (2) an increase or decrease in the number of stamens in
the androecium will be accompanied, on an average, by a greater increase or decrease
in the number of sepals than in the number of petals.

(c) Relations hetween the constituents of organs.

The constituents of (1) the calyx and (2) the androecium will now be con-
sidered.

(1) Calyx.' The outer and inner whorls of this organ are inserted at different
levels and have a decussate arrangement, so that, although the organ as a whole
is protective in function, the two whorls actually help to enclose the flower at
right angles to one another. The correlation between these two whorls is an
extremely low one, namely, 1957 (Table I), in other words, an increase or decrease
in the number of sepals in either of the whorls of the calyx is associated only in
a very small degree with an increase or decrease in the number of sepals in the
other whorl. Or again it may be expressed thus, the two whorls of the calyx
vary to a great extent independently of one another. This statement should be
taken in conjunction with that made on p. 244 with regard to their Means and
Variabilities and should also be borne in mind when the correlation between
these two constituents and the other parts of the flower are discussed below
(see Tables R and S).

(2) Androecium. This organ is also composed of two whorls, an outer and
an inner inserted at different levels. Its function is of course reproductive.
The correlation between the two constituents is very low, namely, -1984 (see
Table XVII), and is almost the same as that between the two whorls of the calyx.
The inner whorl of the androecium shows greater variability than the outer whorl
and tends to vary independently of this latter constituent, just as in the case of
the two whorls of the calyx.

Having thus considered the organs per se, let us now compare the correlations
between each individual constituent or organ and all the other constituents or

TABLE R.

(d) Correlation Coefficients between the Outer Whorl
of the Calyx and

2nd Component

I. W. Ca. ...
Co
0. W. A. ...
I. W. A. ...
A

Table

I
II
III
IV
V

r.

•1957
•7275
•5886
•2613
•4371
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organs. For this purpose it will be necessary to tabulate the results in series and
consequently it might be well to start with the outermost constituent of the flower,
namely, the outer whorl of the calyx, and tabulate the correlation coefficients
passing inwards to the andrcecium. The inner whorl of the calyx will next be
taken in relation to the other constituents and so on.

From the above table it will be seen that the outer whorl of the calyx is most
highly correlated with the corolla; it is also highly correlated with the outer whorl
of the androecium but much less so with the inner whorl of the andrcecium.

TABLE S.

(e) Correlation Coefficients between the Inner Whorl
of the Calyx and

2nd Component

Co
0. W. A. ...
I. W. A. ...
A

Table

VI
VII

VIII
IX

r.

•2476
•3229
•3905
•4592

The low correlation between the inner whorl of the calyx and the corolla is due
to the close adherence of the former to type, that is, there is very small variability.

TABLE T.

(/) Correlation Coefficients between the Calyx and

2nd Component

Co
0. W. A. ...
I. W. A. ...
A.

Table

X
XI
XII
XIII

r.

•6926
•6245
•4014
•5721

There is a higher degree of correlation between the two organs of the perianth
than between the calyx and the andrcecium. The high correlation between the
calyx and the outer whorl of the androecium is mainly due to the high value
obtained for the correlation between the outer whorl of the calyx and the outer
whorl of the andrcecium.

TABLE U.
(g) Correlation Coefficients between the Corolla and

2nd Component

0. W. A. ...
I. W. A. ...
A

Table

XIV
XV
XVI

r.

•4762
•1773
•3174
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The corolla is much more highly correlated with the outer whorl than with
the inner whorl of the andrcecium, and the correlation between the corolla and the
andrcecium as a whole is not very great.

A comparison of Tables T and U shows that there is a much greater correlation
between the calyx and the andrcecium and its two whorls, than between the corolla
and the same constituents.

So far we have considered the relationships between the different parts of the
flower from the outside inwards, but when we examine these relationships, taking
the inner whorls as our starting point, some new aspects of the problem become
manifest and, as these have been of great value in the interpretation of the results,
it has been considered advisable to tabulate them thus:

TABLE V.

(h) Correlation Coefficients between the Inner Whorl

of the Androecium and

2nd Component

Oa
I. W. Ca.
0. W. Ca.
0. W. A.
Co. ...

Table

XII
VIII
IV

XVII
XV

r.

•4014
•3905
•2613
•1984
•1773

TABLE W.

Correlation Coefficients between the Outer Whorl

of the Andrcecium and

2nd Component

Ca
0. W. Ca. ...
Co
I. W. Ca. ...

Table

XI
III

XIV
VII

r.

•6245
•5886
•4762
•3229

A comparison of Tables V and W shows that the correlations between the
outer whorl of the andrcecium and the other components are higher than for the
inner whorl of the androecium, except in the case of the inner whorl of the
calyx.
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(j)

TABLE X.

Correlation Coefficients between the
Andrcecium and

2nd Component

Ca
I. W. Ca. ...
0. W. Ca. ...
Co

Table

XIII
IX
V

XVI

r.

•5721
•4592
•4371
•3174

This table shows that when the androecium is considered as a whole it is most
highly correlated with the calyx and least correlated with the corolla.

V. MORPHOLOGICAL SIGNIFICANCE OF THE STATISTICAL RESULTS.

It is quite clear from tlie tabulated results that there is a definite departure
from the usually accepted cruciferous structure in a very large number of the
flowers of Lepidium Draba which have been examined for this study. This does
not obtain merely in any one organ or constituent but in all the organs and
constituents, although not to the same degree in each.

The statistical results will now be examined from the standpoint of the
botanist in order (a.) to note their morphological or genetic significance and
(6) in order to see whether these figures throw any light on the evolution of this
cruciferous plant.

It is almost axiomatic to state that the "purpose" of a flower is a purely
reproductive one and that therefore its existence is justified only in so far as it
serves to reproduce its kind. But not all the parts of a flower are solely repro-
ductive in function. Each individual consists of two parts, (1) Reproductive,
(2) Protective. (1) The reproductive organs are the gynsecium ( $ ) and the
andrcecium (</"), while (2) The protective organs (perianth) are the corolla and
the calyx.

One of the organs of the perianth, namely the corolla, is still further specialised.
The calyx consists of four sepals, green in colour, whose sole function is to protect
the flower when in the bud, and in many cases these are reflexed immediately after
the flower has opened up, and are of no further importance to it. On the other
hand the petals though essentially sepal-like in structure, in this as in the great
majority of flowers, are not green but of some other colour. In the species under
consideration they are white. Now although the petals are of great importance
in protecting the reproductive organs while in the bud their utility does not cease
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